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Abstracts / Osteoarthritis and Cartilage 23 (2015) A26eA81A60from being statistically signiﬁcant (p¼0.52; table 2). Further, no sig-
niﬁcant differences were observed in IPFP surface area, depth and MRI
signal (Table 2).
Figure 1. Infra-patellar fat volume [cm3].
Conclusions: This is the ﬁrst study to comprehensively address the
relationship of human IPFPmorphometryandMRI signalwith kneepain.
Although the sample size was limited, we obtained consistent results
using a between-knee, within persons design, and a between person
designwith strict inclusion criteria of chronic pain and precisematching
with painless participants. Although the IPFP has been shown to be a
source andmediator of intra-articular inﬂammation, which is thought to
be associatedwithpain, our results donot suggest a relationshipbetween
IPFP morphometry and MRI signal in human knee OA.
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Purpose: The aim of this study was to characterize brain changes
related to pain sensitization by functional magnetic resonance imaging
(fMRI) in patients suffering from chronic osteoarthritis (OA) of the knee.
Methods: A cross-sectional, single blind study comparing fMRI acti-
vation in OA patients (clinical and radiological ACR criteria) vs. healthy
controls was designed. Participants were consecutive recruited in
follow-up clinical visits during a period of 18 months in the reference
OA Unit at the Hospital del Mar in Barcelona. Presence of central
sensitization was assessed in OA group. Central sensitization was
clinically deﬁned based on the evidence of regional spread of pain
(spreading sensitization assessed by an extended version of the
Arendt-Nielsen peripatellar map) and increased pain response to
repeated stimulation (temporal summation). The fMRI paradigm
included 3 painful test: direct painful stimulation of the knee (articular
interline) using a pressure of 2.5kg/cm2, painful stimulation on the
anterior tibial surface of the leg (sensitized site) by exerting a pressure
of 4kg/cm2, and painful heat stimulation on the volar forearm using
45 Celsius peaks.
Results: A total of 60 patients (66.7 þ/- 7.8 years) were included in the
study along with a reference group of 30 healthy subjects (62.8 þ/- 7.7
years). Thirty-three (55%) patients showed clinical evidence of sensiti-
zation, and 19 (32%) of them fulﬁlled strict experimental criteria of
central sensitization to pain. fMRI response to articular (interline)
painful stimulation was robust in both patients groups. Sensitized and
non sensitized patients, however, did not differ as to brain activation
during the interline test. By contrast, brain response to tibial pressure in
sensitized patients was greater than in non-sensitized patients in sev-
eral regions including the cortical representation of the leg (peak
coordinates at x,y,z¼-4,-42,60; t¼3.31 and x,y,z¼16,-38,64; t¼3.74), the
supramarginal gyrus (-48,-66,18; t¼ 3.24 and 52,-48,18 t¼ 3.42) and the
right lower sensorimotor cortex (62,-8,40; t¼ 4.25).Correlation maps between brain activation and pain sensitization
measurements (the sum of the minimal pressure evoking pain for each
tender point around the knee and the number of tender points) addi-
tionally showed the involvement of anterior brain regions, as the
anterior cingulate gyrus (12,8,48; t¼4.38) and mainly the ventral
putamen bilaterally (-18,4,-8; t¼3.7 and 20,18,-8; t¼3.99). The painful
heat stimulation on the volar forearm evoked similar subjective pain
(no signiﬁcant differences) and brain activation in both sensitized and
non sensitized patients.
Conclusions: The presence of pain central sensitization in chronic knee
OA patients was very common. As expected, the pressure at medial
interline has shown not to be an appropriate test to discriminate sen-
sitized patients, since it is a maneuver with direct impact on the
damaged structures in the disease. Pressure stimulation on the (non-
articular) anterior tibial surface of the leg, however, produced relevant
clinical pain in sensitized patients and increased brain response. Pain
brain sensitization was related to a widespread activation of sensory
cortices suggesting that sensitization is expressed mostly as an
enhanced sensory phenomenon. In addition, the changes in fronto-
subcortical structures seen at correlation maps may speculatively sug-
gest that pain central sensitization also involves alterations of elements
implicated in associative pain-related learning (e.g., associations of pain
with everyday contexts). Finally, negative results in the painful heat
stimulation test suggest that sensitization is not a general phenomenon
that may not implicate superior limbs or the processing of heat-elicited
pain.
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Purpose: Substantial evidence suggests that previous knee injury is a
risk factor for the development of knee osteoarthritis (KOA). Patellofe-
moral pain (PFP) is a chronic knee condition commonly caused by
overuse injury, which is theorized to be associated with the develop-
ment of KOA. While a direct link between PFP and KOA has yet to be
established, there has been increased interest in this association in
recent years. Gaining an understanding of the risk factors associated
with the development of this chronic overuse injury may prove to be
useful in the primary prevention of PFP, which may in turn reduce the
occurrence of KOA. The aim of this study was to prospectively identify
the baseline pre-injury movement patterns (e.g., kinematics) associated
with the development of PFP.
Methods: We conducted a prospective cohort study that consisted of
4418 subjects (1662 females, 2756 males: 18.8±0.9yrs, 173.4±9.2cm,
Table 1
Number of DRG neurons responding to physical stimuli at 8 weeks post surgery.
mean±SEM
100g paw pinch 30g knee pinch 60 knee twist
Sham (n¼2) 1.0±0.0 5.5±2.5 7.0±5.0
DMM (n¼4) 8.8±2.3 31.6±22.1 20.8±4.1
Abstracts / Osteoarthritis and Cartilage 23 (2015) A26eA81 A6172.0±12.9kg) who participated in a baseline biomechanical assessment
upon enrollment in this investigation. An electromagnetic tracking
system interfaced with a force plate was used to collect three-dimen-
sional kinematics of the hip and knee during three trials of a jump-
landing task. Following the baseline biomechanical assessment, par-
ticipants were followed prospectively through a closed healthcare
system for a maximum of four years to identify those diagnosed with
PFP. Incident cases of PFP were initially identiﬁed through electronic
injury surveillance systems speciﬁc to the study population and
determined by a manual review of medical records. The inclusion cri-
teria for the incident PFP group included: retropatellar knee pain with
physical activity, pain on palpation of either the patellar facets or
femoral condyles, and negative ﬁndings on examination for injury to
the knee ligaments, menisci, bursae, and synovial plica. Sagittal, frontal,
and transverse plane hip and knee kinematics during the jump-landing
task at initial contact (IC) with the ground, and at the time of maximum
knee ﬂexion (approximately mid-point of the task) were included in the
data analysis. Separate logistic regression analyses were performed to
determine the inﬂuence of each biomechanical variable on the risk of
developing PFP (P<0.05).
Results: Of the 4418 participants who initially enrolled in this inves-
tigation, 493 participants reported a prior history of PFP and were
removed from the cohort used in the ﬁnal analysis. During the follow up
period, 188 participants (94 females, 94 males) were diagnosed with
incident PFP. Greater knee ﬂexion at IC (>20 vs. <20) was associated
with a reduced risk of developing PFP [Odds Ratio (OR)¼0.69, 95%
Conﬁdence Interval (CI)¼0.49,0.99]. Less hip abduction at IC (<10 vs.
>10) was associated with an increased risk of developing PFP
(OR¼1.72, 95% CI¼1.17, 2.51). No other kinematic variables were asso-
ciated with the development of PFP (P>0.05).
Conclusions: Sagittal plane kinematics at the knee along with frontal
plane kinematics at the hip appear to have a signiﬁcant inﬂuence on the
risk of developing PFP. These movement characteristics may be altered
through movement retraining programs focused on primary injury
prevention. These programs should focus on greater knee ﬂexion and a
wider stance during jumping and landing activities. Additional research
is needed to determine if injury prevention programs are effective in
reducing the incidence of PFP and the subsequent risk of injury related
KOA.
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Purpose: Osteoarthritis pain is typically brought on by movement, yet
there are limited techniques for studying the ability of speciﬁc move-
ments to activate neurons. Our previous work has shown that after
destabilization of the medial meniscus (DMM), mice develop slowly
progressive joint damage concurrent with the following pain-related
behaviors: hindpaw mechanical allodynia, knee hyperalgesia and
locomotive deﬁcits.
In vivo electrophysiology enables monitoring of action potentials in
single neurons while physical stimuli are applied to the knee, but a
technique to visualize concerted responses of neurons within the dorsal
root ganglion (DRG) has not been available. Here, we utilized a new
method for imaging intracellular calcium ((Ca)i) responses by DRG
neurons in vivo, while physical stimuli are applied to the hindlimb, in
order to determine how neuronal responses change after DMM surgery.
Methods: DMM (n¼4) or sham (n¼2) surgery was performed in 10-
week old male, heterozygous Pirt-GCaMP3 mice on a C57BL/6 back-
ground. These mice express the ﬂuorescent calcium indicator, GCaMP3,
in ~90% of all sensory DRG neurons, and not in other peripheral or
central tissues, through the Pirt promoter. Eight weeks after surgery,
mice were deeply anesthethized using sodium pentobarbital, and the
back and operated knee were shaved. A laminectomy from vertebrae
L2-L6 was performed, and the L4 DRG exposed. The mouse was posi-
tioned under a Leica LSI confocal and camera system by clamping the
spinal column at L2 and L6 using forceps attached to micro-
manipulators. Anesthesia was maintained using isoﬂuorane during
imaging and temperature was maintained using a homeothermic
blanket system. Physical stimuli to the ipsilateral limb included: 1. A100g force was applied to the hindpaw using a calibrated forceps sys-
tem (IITC Rodent Pincher); 2. A 30g force was applied to the knee using
the same calibrated forceps system; 3. A noxious rotation (~60 , which
is beyond the normal physiological range) was applied to the knee. For
each stimulus, imaging was started one minute prior to the application
of the stimulus, continued while the stimulus was applied, and was
stopped one minute after the stimulus was discontinued. Each 200
frame video was analyzed for numbers of neurons responding during
the applied stimulus. It was assumed that similar total numbers of
neurons were imaged during each experiment. At the end of each
experiment, mice were sacriﬁced to ascertain that these mice devel-
oped similar joint damage as wild-type C57BL/6 mice.
Results: Eight weeks after DMM or sham surgery, we began by applying
a 100g pinch to the ipsilateral hindpaw. This stimulus induced (Ca)i
increases in somewhat greater numbers of neurons in DMM mice
compared to sham mice (Table 1).
In contrast, when forces were applied directly to the operated knee,
there were clear differences in (Ca)i responses seen in DRG neurons in
DMM mice compared to sham DRG neurons. More neurons responded
to a 30g pinch, as well as to a noxious (60) twist applied to the operated
knee in DMM mice, compared to sham mice (Table 1).
Conclusions: In this pilot experiment, we demonstrated that DRG
neurons in mice that have undergone DMM surgery are more respon-
sive to physical stimuli directed toward the operated knee compared to
sham mice, matching well with pain-related behaviors. It is likely that
increased (Ca)i reﬂects increased excitability of this neuronal pop-
ulation. Future work will be directed at using this technique to identify
which subsets of neurons respond to these stimuli and to monitor how
these neuronal responses change longitudinally over the course of the
DMM model.
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Purpose: Smokers have been reported to have more musculoskeletal
pain compared with nonsmokers. Whether this is the case for knee
osteoarthritis (OA) pain or rather widespread pain is not known,
and, if present, the mechanism of increased pain among smokers is
not clear. Pain sensitization among smokers might explain their
increased risk of musculoskeletal pain. We used data from the
Multicenter Osteoarthritis (MOST) Study to examine the relation of
smoking to widespread pain, knee pain severity, and pain
sensitization.
Methods: The MOST Study recruited 3,026 subjects with or at risk for
knee OA at baseline. Cigarette smoking status (never, former, current
smoker), smoking intensity (in pack-years), knee-speciﬁc WOMAC
pain subscale, and pain, aching, or stiffness of each joint on most days
marked on a joint pain homunculus were asked at baseline and the
84-month visit. Widespread pain (WSP) was deﬁned using ACR cri-
teria. Incident WSP was deﬁned as development of WSP during 84-
month follow-up among subjects without WSP at baseline. Pain
sensitization was examined at the 84 month visit. Knee pain severity
was assessed with the knee-speciﬁc WOMAC pain subscale. Temporal
summation (TS) at the right wrist was measured by application of a
60g von Frey monoﬁlament repeatedly (30 x1Hz), and deﬁned as
being present if there was an increase in pain rating at the end of the
train. Pressure pain threshold (PPT) at the right wrist was measured
using a pressure algometer applied with steadily increasing pressure
and recordings were taken at the ﬁrst sensation of slight pain. We
